Modeling the amplification dynamics of human Alu retrotransposons by Rogers, Alan R. & Hedges, Dale J.
OPEN Q  ACCESS Freely available online PLOS COMPUTATIONAL BIOLOGY
Modeling the Amplification Dynamics 
of Human Alu Retrotransposons
Dale J. Hedges1**, Richard Cordaux1**, Jinchuan Xing1, David J. Witherspoon2, Alan R. Rogers3, Lynn B. Jorde2,
Mark A. Batzer1
1 Department o f Biological Sciences, Biological Computation and Visualization Center, Center for Bio-Modular Microsystems, Louisiana State University, Baton Rouge, 
Louisiana, United States o f America, 2 Department o f Human Genetics, University o f Utah Health Sciences Center, Salt Lake City, Utah, United States o f America, 
3 Department o f Anthropology, University o f Utah, Salt Lake City, Utah, United States of America
Retrotransposons have had a considerable impact on the overall architecture of the human genome. Currently, there 
are three lineages of retrotransposons (Alu, LI, and SVA) that are believed to be actively replicating in humans. While 
estimates of their copy number, sequence diversity, and levels of insertion polymorphism can readily be obtained from 
existing genomic sequence data and population sampling, a detailed understanding of the temporal pattern of 
retrotransposon amplification remains elusive. Here we pose the question of whether, using genomic sequence and 
population frequency data from extant taxa, one can adequately reconstruct historical amplification patterns. To this 
end, we developed a computer simulation that incorporates several known aspects of primate Alu retrotransposon 
biology and accommodates sampling effects resulting from the methods by which mobile elements are typically 
discovered and characterized. By modeling a number of amplification scenarios and comparing simulation-generated 
expectations to empirical data gathered from existing Alu subfamilies, we were able to statistically reject a number of 
amplification scenarios for individual subfamilies, including that of a rapid expansion or explosion of Alu amplification 
at the time of human-chimpanzee divergence.
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Introduction
A collection  o f  evo lu tionarily  recen t and  o ld e r “fossil” 
m obile e lem en t sequences com pose m ore  than  45% o f the 
hum an  genom e | l - 5 | .  A long w ith the recen tly  characterized  
SVA family. A iu  and  LI have the d is tinc tion  o f  being the only 
m ob ile  e lem en t lineages to  be actively p ro life ra tin g  in 
m o d ern  hum ans |3„6„7|. All th ree  o f  these lineages belong to 
the re tro tran sp o so n  class o f  m obile elem ents, rep lica ting  
them selves via an  RNA in te rm e d ia te  They d iffer,
however, in  tha t LI re tro tran sp o so n s  are  ~ 6 -kb-long  a u to n ­
om ous elem ents th a t encode the p ro te in s  req u ired  fo r th e ir  
re tro tran sp o s itio n  |2 | while A lu  and  SVA re tro tran sp o so n s  
a re  shorter, non -au to n o m o u s elem ents th a t a re  fm w -m obi- 
lized by the LI p ro te in  m achinery  |9 |. LI e lem ents have been 
active in  m am m alian  genom es fo r the past 150 m illion years 
(myrs) and  have reached  a copy n u m b e r o f —0.5 m illion in the 
hum an  genom e, and  A iu  re tro tran sp o so n s  have reached  a 
copy n u m b e r o f  — 1.1 m illion  w ith in  the past 65 myrs 111. By 
com parison , the SVA lineage is a relative new com er to  the 
p rim a te  lineage, having achieved a copy n u m b e r o f  ap p ro x ­
im ately  5.000 copies in  the hum an genom e over the last 15 
m yrs |7 |. T ogether, th e  am p lifica tio n  ac tiv ity  o f  these 
re tro tran sp o so n  fam ilies has had a substan tia l im pact on 
th e ir  host genom es. In ad d ition  to c o n tr ib u tin g  to genom e 
size expansion , they have shaped  the a rch itec tu re  o f  the 
hum an  genom e by m ed ia ting  genetic exchanges such as 
duplications, deletions, inversions, transductions, and  tran s­
locations 16.8.10— 171. LI and  A iu  have also been im plicated  in 
DNA re p a ir  1181 and  a lte ra tio n  o f  gene expression  |2 .19-211.
As they are  still actively re tro tran sp o sin g  and  thus acting  as 
in s e r tio n a l m u tag en s. A iu . SVA. an d  LI e lem en ts  a re
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responsib le  fo r  m ore  th an  0.5% o f  all hu m an  genetic  
d iso rders 12.22.231.
W hile m uch a tte n tio n  has been given to the underly ing  
biology d riv ing  re tro tran sp o so n  expansion  in prim ates, little  
a ttem p t has been  m ade to  assess w hat can  broadly  be 
described  as “ am plification  d ynam ics/' U n d er this heading 
we include the evo lu tionary  w indow  d u rin g  w hich lineages 
w ere actively re tro tran sp o sin g . the in tensity  o f re tro tra n sp o ­
sition. and  the degree o f  ra te  fluc tuation  d u rin g  this period . 
N otable excep tions to  this general d ea rth  o f  in fo rm atio n  
co n cern ing  m obile e lem en t am plification  dynam ics include 
data  fo r m obile e lem en t activity in  Drusuphila species 12 4 -2 6 1. 
W hile a c o n s id e rab le  body  o f  th e o re tic a l w ork  exists 
co n cern ing  m obile e lem en t expansion  (e.g.. 12 7 -3 3 1). these 
m odels generally  focus on  e lem en t copy n u m b e r behavior 
u n d e r  equ ilib rium  cond itions and  do n o t address the im pact 
o f  diverse am plification  h isto ries on  sequence com position . 
The observation  o f  d ivergen t m obile e lem en t re tro tra n sp o ­
sition  levels am ong  closely re la ted  host species 124.341. 
however, suggests th a t the assum ption  o f  equ ilib rium  may 
o ften  be unrealistic , as n o ted  in  13 5 1. A  m ore com plete
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Synopsis
Nearly 50% of the human genome is composed of mobile elements. 
While much of this sequence consists of inactive “ fossil”  elements 
that are no longer actively moving or generating new copies, three 
families are currently proliferating in human genomes. Among 
these, the Alu lineage has reached a copy number of over 1 million 
and alone accounts for approximately 10% of the genome. While 
considerable evidence has been gathered concerning the under­
lying biological mechanisms of Alu mobilization and proliferation, a 
detailed understanding of Alu amplification history is currently 
lacking. Researchers are aware, for example, that several thousand 
Alu elements have inserted within the human genome since the 
divergence of humans and chimpanzees, but how those insertions 
were distributed over this ~6-million-year time period is currently 
unknown. In this work, the authors introduce a simulation frame­
work that seeks to incorporate both sequence diversity and 
empirically gathered population data from human Alu elements, in 
order to provide a better understanding of the last several million 
years of human Alu evolution. The results suggest that a rapid 
explosion of Alu amplification at the time of the human-chimpanzee 
divergence is unlikely. Therefore, it is improbable that an increase in 
Alu retrotransposition activity was involved in the speciation of 
humans and chimpanzees.
u n d ers tan d in g  o f  how m obile e lem en t sequence s tru c tu re  
and  frequencies a re  in fluenced  by diverse nonequ ilib rium  
expansion  scenarios w ould be invaluable fo r developing 
realistic m odels o f  how transposab le  elem ents sp read  th rough  
given taxa.
T he p rob lem  we are  faced w ith is how to reco n s tru c t the 
evo lu tionary  am p lifica tion  h is to ry  o f  a m ob ile  e lem en t 
lineage  given only a sta tic  sn ap sh o t o f  seq u en ce  an d  
po lym orphism  data  from  presen t-day  genom es. Previously, 
efforts used the phylogenetic  d is trib u tio n  o f m obile elem ent 
lineages to  bound  th e ir  p e rio d  o f  activity in tim e by the 
d ivergence dates o f  th e ir  host taxa (e.g., [36-38]). W hile such 
analyses can prov ide  useful in fo rm ation , particu larly  w here 
allele frequency in fo rm ation  is unavailable, they nevertheless 
can n o t yield the k ind o f  tem poral reso lu tion  th a t w ould be 
m ost helpful in u n d ers tan d in g  the am plification  process. For 
exam ple, we know th a t som e 6,000-7,000 A lu  e lem ents have 
fixed in the hum an genom e since Pan troglodytes an d  Homo 
sapiens last shared  a com m on ancesto r 5 -8  myrs ago [39-41], 
bu t the tem poral p a tte rn  o f  expansion  giving rise to these 
elem ents rem ains unknow n. Age estim ates o f  individual 
re tro tran sp o so n  insertions based on  sequence divergence 
fro m  a co n sen su s typ ically  possess a g re a t d eg ree  o f  
u n certa in ty  because o f  the relatively short sequence lengths 
o f  m any re tro tran sp o so n s , particu larly  am ong  short in te r­
spersed  elem ents, as well as because o f  u n certa in ty  over the 
accuracy  o f  the consensus “ so u rce” sequence  used  fo r 
com parison  [42-45], In younger, recently  active re tro tra n s ­
poson  lineages, an add itiona l p iece o f  evidence is at o u r  
disposal to  a id  in reco n s tru c tin g  th e ir  am plification  history. 
F o r these  fam ilies, we a re  ab le  to  o b ta in  p o p u la tio n  
frequency  da ta  fo r in sertions at given loci, w hich allow 
e s tim a tio n  o f  th e  p e rc e n ta g e  o f  p o ly m o rp h ic  loci fo r  
p resence/absence in the co rre sp o n d in g  subfam ilies (term ed 
in the follow ing text “ insertion  po lym orphism  level” [IPI,]).
Alone, sequence diversity an d  IPI, p rove insufficient to  
reco n s tru c t the h istorical am plification  p a tte rn  o f  a m obile
elem en t family w ith any degree o f  accuracy. W hen effectively 
com bined , how ever, we hypothesized th a t they may serve to 
narrow  the a lternative  scenarios. We tested  this hypothesis by 
focusing on the A lu  family o f  re tro tran sp o so n s , fo r which 
subfam ily s tru c tu re  is well ch a rac te rized  an d  po p u la tio n  
freq u en cy  d a ta  a re  availab le  fo r  a n u m b e r o f  d is tin c t 
subfam ilies [3,39-41,46], F u rtherm ore , A lu  re tro tran sp o so n s 
p resen ted  an a ttrac tive  ta rge t fo r this in itial study because, as 
de ta iled  below, they possess several fea tu res th a t m ake the 
process o f  m odeling  th e ir  re tro tran sp o sitio n  m ore  tractab le . 
It was first necessary to  d e te rm in e  w hat set o f  A lu  sequence 
an d  IPI, observa tions m ight be expec ted  u n d e r  various 
evolu tionary  am plification  pa tte rn s . T o genera te  quan tita tive  
expecta tions fo r these p a ram ete rs  u n d e r diverse p a tte rn s  o f 
expansion , we developed a co m p u te r sim ulation  th a t in c o r­
p o ra tes  established aspects o f  A lu  re tro tran sp o so n  biology (see 
M aterials an d  M ethods). O u r sim ulation  also accom m odates 
the effect o f  significant sam pling  biases in h e ren t in the way 
A lu  e lem ents have been characterized  in the hum an genom e. 
By co m p arin g  existing  A lu  sequence diversity an d  poly­
m orph ism  levels, we w ere able to  statistically re ject m ultip le  
am plification  scenarios fo r individual A lu  subfam ilies, resu lt­
ing in a m ore  refined u n d ers tan d in g  o f  the re tro tran sp o sitio n  
dynam ics o f hum an-specific A lu  subfam ilies.
Results/Discussion
The A lu  Simulation Framework
Two fundam enta l processes u nderlie  the various d escrip ­
tive sta tistics th a t can  be tab u la ted  from  genom ic A lu  
sequences, nam ely  th e  p o s t- in se r tio n  ev o lu tio n  o f  A lu  
nucleo tide  sequences and  the associated evolution  o f  in ­
se r tio n  p o ly m o rp h ism  alle le  freq u en c ies . T o  m ake the 
m odeling  process m ore  stra igh tfo rw ard , we div ided these 
processes in to  d is tinc t co re  sim u la to r p rogram s, one to  m odel 
the behavior o f  nucleo tide  sequence an d  one  to  m odel the 
b ehav io r o f  in se rted  re tro tra n sp o so n  allele frequencies. 
Several o f  the know n p ro p e rtie s  o f  A lu  subfam ily stru c tu re  
and  sequence m u ta tio n  p a tte rn s  w ere in co rp o ra ted  w ithin 
the p rog ram s (see M aterials and  M ethods). B oth program s 
im plem en t a s tric t “m as te r gene" m odel o f  A lu  r e tro tra n s ­
position  u n d e r  which a single source elem ent p roduces inert, 
n o n -re tro tran sp o s in g  copies [47], W hile it has been d em o n ­
s tra ted  th a t m ost A lu  subfam ilies deviate from  the stric t 
m aste r gene m odel, this scenario  can nevertheless explain the 
m ajority  o f  overall subfam ily sequence s tru c tu re  [48], M ore 
im portan tly , im p lem en ting  deviations from  the m aste r gene 
m odel (i.e., secondary  and  te rtia ry  re tro tran sp o sitio n  sources 
and  so on) can lead to  exponen tia l copy n u m b er increase 
w hen lim iting  fac to rs such as negative selection do  no t 
constra in  num bers, a scenario  w hich is clearly no t historically 
accurate . In this analysis, we have re s tric ted  o u r  sim ulation  to 
neutrally  evolving loci w ithin a panm ictic  po p u la tio n  o f 
constan t size. In o u r  m odel we also assum e th a t re tro tra n s ­
position  ra tes (RRs) do no t fluc tuate  d u rin g  the w indow  o f 
tim e d u rin g  which re tro tran sp o sitio n  occurs.
T he above assum ptions a re  alm ost certain ly  oversim plifi­
cations, bu t are  necessary to  keep the n u m b er o f  am plifica­
tio n  s c e n a r io s  a t a m a n a g e a b le  level in  th is  in itia l 
investigation . We believe the existence o f  secondary source 
genes w ould have a lim ited  im pact on o u r  analysis because 
any secondary source th a t is active enough  to  p roduce
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app rec iab le  copy num bers would be classified as a separa te  
subfam ily u n d e r  c u rre n t nam ing  conventions, and  it w ould be 
analyzed separately in o u r  approach . The effect o f  popu la tion  
su b s tru c tu re  is m ore  difficult to  an tic ip a te  because th e  n a tu re  
o f  p o p u la tio n  su b s tru c tu re  d u rin g  th e  tim e  p e rio d  in 
question  is largely unknow n. .Significant po p u la tio n  s tru c tu re  
w ould im pact th e  behav io r o f  polym orphism s by ex tend ing  
th e ir  average persistence  tim e, affecting  th e  ra te  o f  in sertion  
po lym orphism  decay bo th  d u rin g  and  a f te r  transposition . 
The n a tu re  and  m agn itude  o f  these effects will be th e  subject 
o f  fu tu re  investigations.
F o r both  sequence m u ta tio n  and  frequency  d rift sim u­
lations, re tro tran sp o sitio n  sta rted  a t tim e ln and  p roceeded  at 
a co n stan t ra te  fo r a tim e window T rctro. Thus, given a 
subfam ily copy n u m b er n, '/Vet™ defines th e  RR o f  the 
sim ulation  (i.e., RR =  n/'/’rct™)- F o r th e  sequence m u ta tion  
sim ulations, e lem ents w ere allowed to  m u ta te  neu trally  from  
th e ir  initial tim e o f  re tro tran sp o sitio n  until th e  end  o f  the 
sim ulation . '/mut rep resen ts  th e  to tal elapsed  sim ulation  tim e, 
w hich is also th e  am o u n t o f  tim e th e  oldest e lem en t in the 
subfam ily has been evolving. We have chosen a m axim um  
/unit ° f  6 myrs, as this roughly co rresponds to  th e  lu iinan - 
ch im p an zee  d iv erg en ce  tim e  and , thus, is su itab le  fo r  
investigating  th e  am plification  dynam ics o f  recen t hum an 
A lu  subfam ilies. D uring  th e  course o f each run , sequence 
varia tion  and  allele frequency  statistics (described in detail 
below) w ere calcu lated  at 100,000-y observation  intervals. 
O n e  th ousand  rep licates w ere pe rfo rm ed  u n d e re a c h  o f  seven 
basic am plification  m odels (MO to  M6), rang ing  from  MO, 
w hich has an in s tan tan eo u s  b u rs t o f  in se rtio n  activity  
g en era tin g  all subfam ily m em bers, to  M6, in w hich new 
re tro tran sp o sitio n  events o ccu r a t a un ifo rm  ra te  from  the 
beg inn ing  o f  th e  subfam ily th ro u g h o u t th e  e n tire  sim ulation  
o f  6 myrs. In te rm e d ia te  m odels (M l to  M5), in w hich 
am plification  occu rred  fo r 1 to 5 m yrs and  th en  ceased, w ere 
also evaluated. .Sim ulations w ere pe rfo rm ed  using a hum an 
effective po p u la tio n  size (A'c) o f  10,000 individuals and  a 
g enera tion  tim e o f  25 y. T o assess th e  im pact o f a lte rnative  
values fo r A'c and  g en era tio n  tim e, we also p e rfo rm ed  
sim ulations using A'c values o f 5,000, 15,000, and  20,000 
individuals as well as g enera tion  tim es o f  20 and  30 y.
Amplification History and Sequence Variation
As an e s tim a to r o f A lu  subfam ily sequence varia tion , we 
used th e  p a ra m e te r  it, which is defined  as th e  m ean n u m b er o f 
nu c leo tid e  d ifferences observed  am ong  all pa irs o f A lu  
sequences in the  subfam ily [49], F o r exam ple, a it value o f 
th re e  m eans th a t th e re  are, on  average, th ree  nucleo tide  
differences betw een any two A lu  sequences in th e  subfamily. 
Means, m odes, and  stan d ard  deviations fo r it w ere calculated  
across all rep lica tes (available a t h ttp ://batzerlab .lsu .edu). In 
a d d itio n  to  it, we eva lua ted  th e  use o f  th e  m ism atch  
d is tr ib u tio n  raggedness in d ex  as a m e tric  o f  sequence  
diversity [50], bu t its inform ativeness proved  lim ited  fo r o u r  
pu rposes, and  it was excluded from  subsequent analyses.
As expected , m ean it values increased  linearly  w ith tim e in 
o u r  sim ulation  (Figure 1A). The effect o f  re tro tran sp o sitio n  
d u rin g  T rctm is to  slow th e  ra te  o f  increase in it. In scenarios 
M l th rough  M6, w here re tro tran sp o sitio n  occurs fo r a p e riod  
o f  tim e then  ceases, the  ra te  o f  it increase becom es s teep er 
(though still linear) im m ediately  follow ing th e  cessation o f 














Figure 1. Temporal Variation of Subfamily Sequence Variation n and IPL
Results for three expansion models are shown, in which retrotranspo­
sition activity was instantaneous (M0) or lasted for 3 (M3) or 6 (M6) myrs. 
Variation in n (A) is slowed during retrotransposition, but increases 
immediately upon the cessation of retrotransposition. Rate of IPL decay 
(B) is attenuated during retrotransposition activity but increases once 
retrotransposition ends.
DOI: 10.1371/journal.pcbi.0010044.g001
betw een sequence diversity and  th e  p a rticu la r am plification  
m odel o f  th e  family. F o r exam ple, a scenario  w ith a burst o f 
re tro tran sp o sitio n  follow ed by dorm ancy  leads to  h ig h er it 
values th an  scenarios w here RR has been un ifo rm  over long 
periods o f  tim e. This resu lt is in tu itive, as any scenario  
resu lting  in an increased  elem en t in sertion  n u m b er e a rlie r  in 
a subfam ily’s history will resu lt in add itional o p p o rtu n ity  fo r 
m u ta tio n  and  consequently  h ig h er it values. The problem , 
however, is th a t w hen evaluating  real m obile  elem en t data, 
the  tim e o f  onset o f  re tro tran sp o sitio n  (i.e., th e  beg inn ing  o f 
/retro) is typically unknow n. F rom  exam in ing  F igure 1A, it is 
ev iden t th a t any value o f  it can be o b ta ined  by any m odel, 
p rov ided  th a t an ap p ro p r ia te  am o u n t o f  tim e ( '/mut) has 
elapsed p r io r  to  th e  p o in t o f  observation . Thus, a lthough  it is 
directly  influenced  by th e  p a rticu la r am plification  history, it 
can n o t be used to  in fe r th a t h istory  w ithout add itional 
in fo rm ation .
Alu Insertion Polymorphism
In add ition  to  it, we also m odeled  th e  behavior o f  IPL, 
which ind icates th e  p ercen tage  o f  po lym orphic  in sertion  loci 
in a subfamily. Like it, IPL is expected  to  be influenced  by 
bo th  th e  age o f  th e  subfam ily and  its h istorical p a tte rn  o f
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Figure 2. Distribution of Subfamily Sequence Variation n (x-Axis) versus IPL (y-Axis)
Expectations based on 1,000 replicates of expansion models M0-M6. Shaded area in each plot indicates 95% of resulting values for each model. 
Observed [n and IPL) values for ten recent human Alu subfamilies are shown as black diamonds. These results are based on a generation time of 25 y 
and an effective population size of 10,000 individuals.
DOI: 10.1371/journal.pcbi.0010044.g002
re tro tran sp o sitio n . Figure IB illustrates the decay o f  IPL over 
tim e u n d e r  m odels \10, M3, and  M6. As m ight be expected , 
ongoing  re tro tran sp o s itio n  in  a m obile e lem en t fam ily slows 
th e  ra te  o f  IPL decay by p ro v id in g  an  influx  o f  new  
polym orphism s. W hen re tro tran sp o sitio n  ceases, IPL falls 
relatively rap id ly  over the course o f  approx im ate ly  1 myrs. 
This ra te  o f  IPL breakdow n is consisten t w ith  the expected  on 
average 1-myr coalescence tim e (4A'C genera tions, w here N c is 
the effective p o p u la tio n  size) fo r o u r  sim ulated  hum an  
effective po p u la tio n  size o f 10,000 individuals. As w ith  it, 
th ere  is clearly  an  effect o f am plification  h is to ry  on IPL 
values, w ith  IPL values rem ain ing  h ig h er fo r those fam ilies 
whose '/’retro w indows ex tended  closer to the p resen t day. But 
also, as is the case w ith  it, any scenario  can yield a given IPL 
value dep en d in g  on  w hat tim e p o in t ( '/muI value) is being 
sam pled. A resea rch e r exam in ing  em pirical A lu  frequency  
da ta  does n o t know  w hat position  his o r  h e r  da ta  occupy on 
th e  tim e lin e  o f the m odel o f  re tro tra n sp o s i tio n  being  
considered  (Figure IB). Yet, as we d em o n stra te  below, fo r a 
given m odel th ere  exists a set o f  IPL and  it param eters  tha t 
are  m utually  exclusive across a range o f  tim e points. As a 
consequence, by com bin ing  the It and  IPL statistics, one can
effectively  n a rro w  th e  poss ib le  ran g e  o f  am p lif ica tio n  
h is to ries fo r a given A lu  subfamily.
Inferring Amplification Scenarios from Genomic Alu Data
Plots o f  IPL versus it fo r equ ivalen t tim e p o in ts  over the 
course o f  seven am plification  scenarios (i.e., m odels M0-M6) 
are  show n in Figure 2, based on a g en era tio n  tim e o f  25 y and  
an effective po p u la tio n  size o f  10,000 individuals. The 95% 
confidence intervals, genera ted  from  1,000 sim ulation  re p li­
cates, a re  rep resen ted  as the bounded  a rea  in  each g rap h  (see 
M aterials and  M ethods). In  add ition , it values w ere estim ated  
fo r ten  hu m an  A lu  subfam ilies fo r w hich IPL da ta  are  available 
( Table 1). These da ta  w ere co llected  from  subsets o f  elem ents 
from  the respective  p o lym orph ic  subfam ilies fo r  w hich 
p o p u la tio n  da ta  w ere available. F o r each o f these subfam ilies, 
the re la tionsh ip  betw een IPL and  it is ind ica ted  in  Figure 2. In 
o u r  analysis, if  a subfam ily’s IPL versus it p o in t falls w ith in  the 
95% confidence in terval o f a given m odel’s results, the m odel 
can n o t be excluded as a possible am plification  p a tte rn  (see 
M aterials and  M ethods fo r  details). C onversely, w hen a 
subfam ily’s da ta  p o in t falls ou tside the bounded  area, tha t 
m odel can  be excluded fo r the subfam ily in  question .
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Table 1. Alu Subfamily Diversity (it) and IPL Parameters and Their Age under Different Models o f Amplification
Alu  Subfamily Sample Size n IPL (%) Subfamily Age Range (myrs) under Models3 Global Subfamily
MO Ml M2 M3 M4 M5 M6 Age Range (myrs)
Ya5a2 33 0.65 80 0.5-0.6 0.8-0.9 0.8-1.0 0.8-1.0 0.7-1.0 0.7-1.1 0.7-1.1 0.5-1.1
Ya8 36 1.90 50 X X X 2.0-2.2 2.0-2.3 2.0-2.2 1.9-2.2 1.9-2.3
Yb9 69 2.41 36 X X X 2.5-2.9 2.5-3.2 2.5-3.2 2.5-3.1 2.5-3.2
Yb7 136 3.19 26 X X X X 3.5-4.1 3.4-4.1 3.5-4.1 3.4-4.1
Ya5 518 4.40 25 X X X X X X X na
Yc1 232 3.72 21 X X X X 4.2-4.3 4.4-5.2 4.5-5.2 4.2-5.2
Yb8 313 4.64 20 X X X X X X 4.8-5.4 4.8-5.4
Yd6 96 3.98 12 X X X X 4.4 -4J 5.2-5.3 X 4.4-5.3
Yg6 150 4.89 11 X X X X X 5.5-5.7 X 5.5-5.7
Yi6 101 6.61 10 X X X X X X X na
a Assuming a generation time of 25 y and an effective population of 10,000 individuals. X  indicates that this model can statistically be excluded for this Alu subfamily by simulation (p <  0.05). 
na, not available.
DOi: 10.137Vjournal.pcbi.0010044.t001
Impact of Effective Population Size and Generation Time 
Parameters
O u r in itia l sim ulation  rep lica tes w ere conduc ted  u n d e r  the 
co nd itions o f  a 25-y g en era tio n  tim e and  effective po p u la tio n  
size o f  10,000 b reed ing  individuals. W hile these rep re sen t 
com m only  accep ted  values fo r these param eters, we also 
investigated  the im pact o f  a b ro ad e r range o f  gen era tio n  
tim es (20 and  30 y) and  N c (5,000, 15,000, and  20,000) on  the 
sim ulations. For N c =  5,000, o u r  m odels fail to encom pass 
m ost o f the observed data  fo r ex tan t A lu  subfam ilies (Figure 
SI; T able SI). This is no t unexpected , as this N c value is 
approx im ate ly  h a lf th a t o f  m ost lite ra tu re  estim ates, likew ise, 
N c =  20,000 yields IPL and  it values th a t a re  largely no t 
c o n co rd an t w ith observed A lu  subfam ily data  (Figure S2; 
T able SI). N c values o f 10,000 and  15,000 individuals m anage 
to encom pass the m ajority  o f observed A lu  d a ta  po in ts 
(Figures 2 and  S3; Tables 1 and  SI). In this respect, the 
beh av io r o f  o u r  s im ula tions is c o n g ru e n t w ith  c u rre n t 
li te ra tu re  estim ates, w hich place the hum an  N c on  the o rd e r  
o f 10,000 to 15,000 individuals 151 — 531.
A ltering  the g en era tio n  tim e also had  an app reciab le  effect 
on  sim ulation  behav io r by sh ifting  the tim escale o f  the 
sim ulated  data. W hile a g en era tio n  tim e o f  20 y d id  n o t 
p e rfo rm  very well (Figure S4; T able S2), o u r  m odels were 
generally  able to encom pass m ore  observed A lu  subfam ily 
data  u n d e r  g en e ra tio n  tim e p a ram ete rs  o f  25 and  30 y 
(Figures 2 and  S5; Tables 1 and  S2). Such values lie w ith in  the 
range o f cu rren tly  estim ated  values fo r ancestra l gen era tio n  
tim es spann ing  the re levan t p e rio d  (|54 | and  references 
therein). Also, as discussed below, a h ig h er g en e ra tio n  tim e 
p a ra m e te r  o f 30 y has the effect o f  b ring ing  A lu  subfam ily age 
estim ates derived from  o u r sim ulation  closer in  line w ith 
prev ious lite ra tu re  values d e te rm in ed  by o th e r  m ethods.
Estimating the Age of Alu Subfamilies
O nce im probab le  am plification  scenarios are  excluded 
(Tables 1, SI, and  S2), it is possible to d e te rm in e  tim e periods 
o f am plification  fo r subfam ilies th a t a re  com patib le  w ith bo th  
th e ir  It and  IPL values. By using the p resen t tim e as a p o in t o f 
re fe rence  (i.e., 7 muI =  present), it is fu r th e r  possible to in fe r 
the age o f the subfam ilies. Figure 3 illustrates this process. In 
this exam ple, the Ya5a2 subfam ily has a it value (0.65) th a t is 
consisten t w ith an  age rang ing  from  0.6 to  1.0 myrs before
p resen t u n d e r  M4 (A'c =  10,000, g en e ra tio n  tim e =  25 y). 
W ithin th a t range, the Ya5a2 IPL value is only com patib le  
w ith 0.7 to 1.0 m yrs before p resen t. Fstim ated age ranges tha t 
a re  consisten t w ith bo th  it and  IPL fo r all A lu  subfam ilies 
analyzed in  this study u n d e r  a g en e ra tio n  tim e o f  25 y and  N c 
o f 10,000 are  given in  T able 1. We no te  h ere  th a t A lu  
subfam ily age estim ates derived  in  this study are  generally  
h ig h e r th an  those re p o r te d  in  p rev ious li te ra tu re  |42 |. 
However, the age estim ates o b ta ined  from  sequence diversity 
alone typically have large s tan d a rd  dev iations j4 2 1 tha t 
overlap  w ith o u r  estim ates derived  from  b o th  sequence 
diversity and  IPL. This m ight ind ica te  th a t tim e estim ates 
derived  from  sequence diversity  alone m ay underes tim a te  the 
true  ages o f  the subfam ilies. N evertheless, a lte rnative  values 
o f  A'c and  g en era tio n  tim e also have an  im pact on  the 
p o ten tia l age o f  the subfam ily as estim ated  by o u r  m ethod . 
F or exam ple, w hen age ca lcu la tions are  m ade using  a 
gen era tio n  tim e o f 30 y, o u r  age estim ates m ore closely 
ap p rox im ate  those o f prev ious lite ra tu re .
O u r  results suggest that, while a range o f  re tro tran sp o sitio n  
scenarios rem a in  possible fo r each subfamily, som e a lte r­
natives can  be statistically rejected . N otably, w hen using 
stan d ard  values fo r effective p o p u la tio n  size (A'c =10,000) and 
gen era tio n  tim e (25 y), o u r  resu lts exclude the possibility  tha t 
the m ajo rity  o f  hu m an  A lu  in sertions occu rred  d u ring  a brief, 
in tense  bu rs t o f re tro tran sp o s itio n  activity a fte r  the d iver­
gence betw een hum ans and  chim panzees. Such a scenario , 
in te rm ed ia te  betw een Ml and  M0 (instan taneous) results in
Figure 3. Estimation of the Age of the Ya5a2 Alu Subfamily under 
Simulation M4
In M4, Ne is 10,000 and generation time is 25 y. Data are based on 
observed subfamily sequence variation ji and IPL parameters. Time 
estimates consistent with ti and IPL values are indicated in boxes. The 
bold double arrow indicates age estimates concordant with both 
parameters.
DOI: 10.1371/joumal.pcbi.0010044.g003
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an IPI, versus it d is trib u tio n  well ou tside the observed data  
p o in ts  (see Figure 2). This resu lt is well su p p o rted  because 
varia tion  in effective p o p u la tion  size and  g enera tion  tim e 
leads to th e  sam e conclusion (Figures S1-S5). Thus, these 
analyses p rov ide evidence against th e  n o tio n  o f  a burst o f 
re tro tran sp o sitio n  at o r  n e a r the  h u m an-ch im panzee  d iver­
gence. T his resu lt is consisten t w ith a previous study [34], 
w hich suggested th a t the m arked  increase in hum an  M u  
fixation events w ith respect to  chim panzee was in itia ted  
w ithin th e  past 4 myrs. T he involvem ent o f  m obile  elem en t 
am p lifica tion  activity  in th e  fo rm a tio n  o f  rep ro d u c tiv e  
barriers, and  hence speciation , has received a fa ir am oun t 
o f  a tten tio n  [55-58], a lthough  definitive evidence is lacking. 
T he discover)' o f high levels o f  m obile e lem en t activity in 
hum ans com pared  to  ch im panzees [34,59] has invited  spec­
u lation  as to  w h eth er o r  n o t th e  M u  re tro tran sp o sitio n  
increase m ight have been involved in the  speciation  o f 
hum ans and  chim panzees [59], W hile o u r  p resen t resu lts do 
n o t su p p o rt an increase in m obile e lem en t activity at th e  tim e 
o f  th e  hum an -ch im p an zee  divergence, they do n o t exclude 
the possibility o f  such an event d u ring  a la te r ho tn in id  
speciation  event. F u rth erm o re , the  possibility rem ains th a t an 
ex tended  sim ulation  m odel, one th a t accounts fo r add itional 
biological and  spatial param eters, may g en era te  results th a t 
a re  consisten t w ith a re tro tran sp o so n  bu rst at the tim e o f 
speciation.
Conclusion
We have d e m o n s tra te d  th a t  it is po ss ib le  to  m in e  
in fo rm a tio n  co n c e rn in g  th e  am p lifica tio n  h is to ry  o f  a 
re tro tran sp o so n  subfam ily from  presen t-day  genom ic and 
po p u la tio n  data. Overall, th e re  appears  to  be heterogeneity  
in bo th  th e  tim ing  and  in tensity  o f  hum an  M u  subfamily 
activity. O u r sim ulations do n o t p resen tly  accom m odate the 
influence o f  host p o p u la tion  subdivision, RR fluc tuations (i.e., 
ra te  he terogeneity ) over tim e, and  selection  on  p a tte rn s  o f 
re tro tran sp o so n  evolution . All o f  these phen o m en a  will likely 
have som e bearing  on  the  nucleo tide  divergence and  IPI,, 
although  th e  ex ten t o f  th a t influence is difficult to  an tic ipate . 
We plan  to  ex tend  o u r  sim ulations to  encom pass these and 
o th e r  po ten tia lly  re levan t phen o m en a  in fu r th e r  studies. 
N evertheless, th e  p re sen t analyses do ind ica te  th a t th e  
com bina tion  o f re tro tran sp o so n  sequence d ivergence and 
subfam ily po lym orphism  in fo rm ation  has the p o ten tia l to  
reveal in fo rm ation  abou t the h istorical dynam ics o f  m obile 
e lem en t am plification  th a t has thus fa r rem ained  inaccessible. 
In p a rticu la r, by app ly ing  o u r  m e th o d  we a re  able to 
rigorously address the issue o f  the tim e window d u ring  w hich 
am plification  occurred . A m ore  deta iled  accoun t o f  the 
h istory  o f  re tro tran sp o so n  activity will allow fo r  a b e tte r  
un d e rs tan d in g  o f  th e  forces th a t influence m obile elem en t 
activity across diverse taxa.
Materials and Methods
Sim ulating  Alu  sequence  evo lu tion . W e deve lo p ed  a  s im u la to r o f  
A lu  sequence  evo lu tio n  th a t takes in to  acco u n t m o st o f  the  m ajo r 
know n  p ro p e rtie s  o f  A lu  e lem en ts in  term s o f  subfam ily s tru c tu re  an d  
sequence  m u ta tio n  p a tte rn s . Specifically, A lu  e lem en ts beg in  accu ­
m u la tin g  n u c leo tid e  su b stitu tio n s stochastically , s ta rtin g  a t the tim e 
o f  re tro tra n sp o s itio n  a n d  un til the  e n d  o f  the  s im ula tion . N ucleo tid e  
su b s titu tio n  was sim u la ted  using  the  K im u ra  tw o -p a ra m e te r  rev e r­
sib le  m u ta t io n  m o d e l, a  n e u t r a l  m u ta t io n  r a te  a t n o n -C p G  
d in u c leo tid es o f  0.0015 m utations/site /m yrs [60] an d  a  tra n s itio n  to
tran sv ersio n  ra tio  o f  fo u r. T o  acco m m o d ate  the  know n m u ta tio n  bias 
fo r  A lu  C pG  d in u c leo tid es  as a  re su lt o f  the  d e a m in a tio n  o f  
m eth y la ted  cytosines, C pG  d in u c leo tid es w ere  allow ed to m u ta te  at 
a  6-fo ld  h ig h e r  ra te  th an  non -C p G  d in u c leo tid es [42]. T o  m ake the 
m od e lin g  p rocess m o re  co m p u ta tio n a lly  trac tab le , we assum ed a 
scenario  o f  A lu  subfam ily ev o lu tio n  in  w hich  A lu  re tro tra n sp o s itio n  
follow ed a  s tr ic t m as te r  gene  m odel, w ith  a  lone, n o n -m u ta tin g  sou rce  
sequence  g e n e ra tin g  o ffsp rin g  th a t w ere  incapab le  o f  add itio n a l 
re tro tra n sp o s itio n . W e also co n s id e red  the  A lu  ex p an s io n  to  have 
o c c u rre d  in  a  single, re p re sen ta tiv e  genom e, w ith  each  successful 
re tro tra n sp o s itio n  even t equ ivalen t to a  “su b s titu tio n ” even t a t the 
p o p u la tio n  level. T his allow ed fo r  co m b in in g  A lu  re tro tra n sp o s itio n  
even ts w ith  s ta n d a rd  m eth o d s fo r  ca lcu la tin g  su b s titu tio n  p ro b a b il­
ities, greatly  red u c in g  sim u la tio n  com plex ity  an d  c o m p u ta tio n a l tim e.
D ecay o f  EPLs. T o  stu d y  th e  ev o lu tio n  o f  IP L  d u r in g  the  
tran sp o s itio n  process, we m o d eled  the  beh av io r o f  IPL  u n d e r  the 
sam e m odel co n d itio n s  as ft (i.e., MO th ro u g h  M6, as d escrib ed  above). 
G iven the  low p ro b ab ility  o f  fixa tion  fo r  each in itia l in se rtio n  even t (II 
2iVe), several m illion  re tro tra n sp o s itio n  even ts m ust u ltim ately  be 
follow ed in  o rd e r  to achieve final subfam ily copy n u m b ers  c o m p a ra ­
ble to those  o b served  in  the h u m a n  genom e. In  each  m odel, 7 m illion  
in se rtio n  even ts o c c u rr in g  ov e r various w indow s o f  tim e w ere  used  to 
y ield  app ro x im ate ly  350 fixed  e lem ents. T o  red u ce  co m p u ta tio n a l 
tim e, K im u ra’s recu rs io n  a p p ro x im a tio n  o f  the  d iffusion  process was 
used  to sim u la te  the  n e u tra l d r if t o f  re tro  tran sp o sed  e lem en ts  [61]. 
T h e  a b s o rp tio n  b o u n d a rie s  [0,1] a t w hich alleles w ere  lost o r  fixed, 
respectively, w ere  ad ju s te d  slightly to co m p en sa te  fo r d isp a rities  
betw een  the  co n tin u o u s  resu lts fro m  the  recu rs io n  eq u a tio n  a n d  the 
d is c re te  f re q u e n c ie s  th a t re a l-w o rld  alle les c a n  assum e. (T he 
c o n tin u o u s  values betw een  zero  an d  1/2JVe a re  possib le re tu rn  values 
from  the recu rsio n , bu t n o t realistic  allele frequencies.) A  g en e ra tio n  
tim e o f  25 y an d  effective p o p u la tio n  size o f  10,000 in te rb re e d in g  
indiv iduals was used. T o  address u n ce rta in ty  su rro u n d in g  ancestra l 
h u m a n  g en e ra tio n  tim es a n d  effective p o p u la tio n  sizes, the  effec ts o f  a 
ran g e  o f  g e n e ra tio n  tim es (20, 25, a n d  30 y) an d  effective p o p u la tio n  
sizes (5,000, 10,000, 15,000, a n d  20,000) w ere  investigated . A t the  onse t 
o f  the  sim u la tion , the  n u m b e r  o f  re tro tra n sp o s itio n s  p e r  tim e 
in c rem en t re q u ire d  to achieve the 7 m illion  in se rtio n  target was 
calcu lated . A llele frequencies w ere  allow ed to d r if t ran d o m ly  bo th  
d u r in g  a n d  a f te r  tra n sp o s itio n  w indow s, a n d  IPL  values w ere  
ca lcu la ted  a n d  re p o r te d  a t  100,000-y intervals.
A ccounting  fo r  IPL  sam pling  effects. T o  adequate ly  m odel the 
e lem en t copy n u m b e r  a n d  IPL  values obse rv ed  in  the  h u m a n  genom e, 
th e  m a n n e r  in  w hich  g en o m ic  e le m e n ts  a re  a sc e r ta in e d  a n d  
c h a ra c te r iz e d  was also in c o rp o ra te d  in to  the  s im u la tio n . T h e  
p o p u la tio n  sam ple size fro m  w hich  m ost A lu  e lem en ts have so fa r 
been  initially  d iscovered  is effectively a  single ind iv idual (i.e., the 
h u m a n  g enom e d ra ft sequence), and , consequently , a  co n siderab le  
n u m b e r  o f  po ly m o rp h ic  e lem en ts will rem a in  unobserved . W hen  
sim u la tin g  the  obse rv ed  IPL  value, the  effect o f  asce rta in in g  elem en ts 
from  a  single ind iv idual m ust be accom m odated . In  o rd e r  to d o  so, 
th e  n u m b e r  o f  p o ly m o rp h ic  e le m e n ts  th a t w ere  r e p o r te d  as 
“o bserved” a t any given tim e d u r in g  the  s im u la tio n  was d e te rm in e d  
by effectively sam pling  a  single in d iv idual fro m  the  sim u la ted  
p o p u la tio n . In  this step , th e  d e te c tio n  o f  a  given A lu  in se rtio n  
p o lym orph ism  w ith in  th a t ind iv idual was stochastically  d e te rm in ed , 
w ith  the  p ro b ab ility  o f  o bserv ing  a given in se rtio n  being  p ro p o rtio n a l 
to the  freq u en cy  o f  the  in se rtio n  in the  p o p u la tio n . T h e  sim ulations 
w ere im p lem en ted  in  a  set o f  C language p ro g ram s w ith  assisting  Perl 
sc rip ts a n d  a re  available a t h ttp ://ba tzerlab .lsu .edu .
S tatistical ev aluation  o f  m odels. M odels w ere ex c lu d ed  o r  n o t 
ex c lu d ed  based  o n  95%  confidence  in tervals g e n e ra te d  th ro u g h  
sim ula tion . F o r each m odel scenario  (M0 to M 6), 1,000 rep lica tes w ere 
sim ulated . IPL  an d  rc values w ere  ca lcu la ted  a t 100,000-y in tervals fo r 
the  sim u la ted  datasets, an d  the  low er a n d  u p p e r  1.265 p ercen tiles  
w ere used  to  d e te rm in e  the  95%  confidence  in terval. B oundary  
values fo r  95%  confid en ce  in terval w ere  ad ju s ted  fo r  the  effect o f  two 
in d e p e n d e n t tests o f  th e  IPL  an d  n  p a ram e te rs  re su ltin g  fro m  the 
m odel. H ere , the p ro b ab ility  o f  falling  o u ts id e  the ran g e  o f  som e 
percen tag e , X, o f  th e  sim u la ted  d a ta  tw ice (two tests) is given by 1 -  (1
— X)2. T o  d e te rm in e  the  b o u n d arie s th a t w ould  be a p p ro p r ia te  a t the 
5%  significance level, w e solved th e  e q u a tio n  1 -  (1 — X f  — 0.05, 
y ield ing  X — 0.0253. U p p e r  a n d  low er b o u n d a rie s  w ere th en  0.0253/2 
=  0.01265. rc versus IPL  values fo r  real A lu  subfam ilies w ere then  
p lo tte d  to g e th e r  w ith  the  sim u la ted  data . If  a  g iven subfam ily’s n  
versus IPL  d a ta  fell o u tsid e  the  95%  confid en ce  in terval o f  a  given 
m odel, the  m odel was re jec ted  fo r  th a t subfam ily.
E valuating  th e  im p ac t o f  subfam ily  size. All the analyses above 
w ere co n d u c te d  using  subfam ily copy n u m b ers o f  app ro x im ate ly  350 
e lem en ts fo r  the  n u c leo tid e  evo lu tio n  sim u la tio n  a n d  7 m illion
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Figure 4. Impact of Subfamily Copy Number (n) on the Sequence 
Variation it Parameter
Increasing subfamily size beyond TOO copies had little effect on 
between-replicate variation.
DOI: 10.1371 /journal.pcbi.0010044.g004
in se rtio n  events (co rre sp o n d in g  to  ~ 3 5 0  fixations) fo r  IPL  m odeling. 
T o  assess th e  im p ac t o f  subfam ily size o n  th e  b eh av io r o f  it, we 
sim ula ted  seq u en ce  evo lu tio n  fo r  T mut =  2 myrs in an  A lu  subfam ily 
h av in g  g e n e ra te d  n =  50, 100, 200, and  400 co p ies u n d e r  a 
re tro tra n sp o s itio n  m odel w here  all e lem en ts w ere p ro d u ced  a t to 
(i.e., 7’,-eti-o =  0). W e p e rfo rm e d  100 sim u la tio n  rep lica tes fo r  each 
value o f  n. W e fo u n d  th a t th e  m a jo r  effec t o f  in c reasin g  n  was to 
decrease  th e  s ta n d a rd  d ev ia tio n  o f  it am o n g  tria ls, b u t o therw ise  copy 
n u m b e r  had  little  im p ac t o n  th e  b eh av io r o f  it over tim e (Figure 4). 
T h e  re d u c tio n  o f  be tw een -tria l v a rian ce  d u e  to  in creasin g  family size 
stabilized  a t copy nu m b ers g re a te r  th an  100 elem ents. W e th e re fo re  
r a n  th e  all s im ula tions d escribed  above using  n  =  350 e lem en ts , a 
n u m b e r  th a t is in th e  sam e o rd e r  o f  m ag n itu d e  o f  size as m o st o f  the 
observed  A lu  subfam ilies used in o u r  study. S im ila r tests w ere 
co n d u c ted  fo r  IPL  sim ula tions using  a lte rn a te  in se rtio n  num bers (1 
m illion , 5 m illion , and 10 m illion). W hile som e subfam ilies in the 
study, nam ely Ya5 an d  Yb8, a re  considerab ly  la rg e r th an  350 in 
observed  copy num b er, e x p e rim e n ta tio n  w ith  copy nu m b ers as h igh  
as 5,000 d e m o n s tra te  th a t h ig h e r  subfam ily sizes reduces betw een- 
rep lica te  v a rian ce  (data  n o t  shown).
fo r  each m odel. O bserved (it and IPL) values fo r  ten  re c e n t h u m a n  Alu 
subfam ilies a re  show n as black d iam o n d s (see legend o f  F igu re  2). 
F o u n d  a t  DOI: 10.1371/journal.pcbi.0010044.sg002 (3.3 MB TIF).
F igu re  S3. D is tr ib u tio n  o f  Subfam ily S eq u en ce  V aria tio n  it (ac-Axis) 
versus IPL  (y-Axis): G e n e ra tio n  T im e o f  25 y and N e o f  15,000 
Ind iv iduals
E xpecta tions based o n  1,000 rep lica tes o f  ex p an sio n  m odels M 0-M 6. 
T h e  two lines in d ica te  th e  b o u n d arie s  o f  th e  95%  co n fid en ce  in terval 
fo r  each m odel. O bserved (it an d  IPL) values fo r  ten  re c e n t h u m a n  Alu 
subfam ilies a re  show n as black d iam o n d s (see legend o f  F igu re  2). 
F o u n d  a t  DOI: 10.1371 /journal.pcbi.0010044.sg003 (3.3 MB TIF).
F igu re  S4. D is tr ib u tio n  o f  Subfam ily S eq u en ce  V aria tio n  it (ac-Axis) 
versus IPL  (y-Axis): G en e ra tio n  T im e o f  20 y and N c o f  10,000 
Ind iv iduals
E xpecta tions based o n  1,000 rep lica tes o f  ex p an sio n  m odels M 0-M 6. 
T h e  two lines in d ica te  th e  b o u n d arie s  o f  th e  95%  co n fid en ce  in terval 
fo r  each m odel. O bserved (it an d  IPL) values fo r  ten  re c e n t h u m a n  A lu  
subfam ilies a re  show n as black d iam o n d s (see legend o f  F igu re  2). 
F o u n d  a t  DOI: 10.1371/journal.pcbi.0010044.sg004 (3.4 MB TIF).
F igu re  S5. D is tr ib u tio n  o f  Subfam ily S eq u en ce  V aria tio n  it (ac-Axis) 
versus IPL  (y-Axis): G en e ra tio n  T im e o f  30 y and N c o f  10,000 
Ind iv iduals
E x pecta tions based o n  1,000 rep lica tes  o f  ex p an sio n  m odels M 0-M 6. 
T h e  two lines in d ica te  th e  b o u n d arie s  o f  th e  95%  co n fid en ce  in terval 
fo r  each m odel. O bserved (it an d  IPL) values fo r  ten  re c e n t h u m a n  A lu  
subfam ilies a re  show n as black d iam o n d s (see legend o f  F igu re  2). 
F o u n d  a t  DOI: 10.137l/journal.pcbi.0010044.sg005 (3.4 MB TIF).
T ab le  S I. A lu  Subfam ily C o m patib ility  w ith  D iffe ren t R e tro tra n sp o ­
sitio n  M odels (M 0-M 6) fo r  D iffe ren t Effective P o p u la tio n  Sizes (Ne) 
and  a G en era tio n  T im e o f  25 y
F o u n d  a t  DOI: 10 .137l/journal.pcbi.0010044.st001 (72 KB DOC).
T ab le  S2. A lu  Subfam ily C o m patib ility  w ith D iffe ren t R e tro tra n sp o ­
sitio n  M odels (M 0-M 6) fo r  D iffe ren t G en e ra tio n  T im es and an 
E ffective P o p u la tio n  Size o f  10,000 Ind iv iduals
F o u n d  a t  DOI: 10 .137l/journal.pcbi.0010044.st002 (56 KB DOC).
Supporting Information
F igure  S I. D is tr ib u tio n  o f  Subfam ily S eq u en ce  V aria tio n  it (ac-Axis) 
versus IPL  (y-Axis): G en e ra tio n  T im e o f  25 y and N c o f  5,000 
Ind iv iduals
E xpecta tions based on  1,000 rep lica tes o f  ex p an s io n  m odels M 0-M 6. 
T h e  tw o lines in d ica te  th e  b o u n d aries  o f  th e  95%  confid en ce  in terval 
fo r  each  m odel. O bserved  (it and IPL) values fo r  ten  re c e n t h u m an  A lu  
subfam ilies a re  show n as b lack  d iam o n d s (see legend  o f  F igu re  2). 
F o u n d  a t DOI: 10.1371/journal.pcbi.0010044.sg001 (3325 KB TIF).
F igu re  S2. D istr ib u tio n  o f  Subfam ily S eq u en ce  V aria tio n  it (ac-Axis) 
versus IPL  (y-Axis): G en e ra tio n  T im e o f  25 y and  N e o f  20,000 
Ind iv iduals
E xpecta tions based on  1,000 rep lica tes o f  ex p an s io n  m odels M 0-M 6. 
T h e  two lines in d ica te  th e  b o u n d aries  o f  th e  95%  confid en ce  in terval
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